The photoluminescent properties of one-dimensional LaPO 4 : Eu nanowires were studied in contrast with the corresponding zero-dimensional nanoparticles, micrometer particles, and micrometer rods. The results indicate that in nanowires Eu 31 ions occupied two different symmetry sites, unlike in nanoparticles and micrometer particles. Furthermore, the radiative transition rate of One-dimensional devices such as nanowires (NWs) and nanotubes have received extensive attention in both fundamental and applied studies.
Recently the preparation of RE-doped one-dimensional devices such as LaPO 4 :RE (RE Eu 31 , Tb 31 ) NWs 11 and Y 2 O 3 :RE nanotubes, 12, 13 and the luminescent properties of NPs have also attracted considerable interest. However, until now their luminescent properties did not compare well with those of zero-dimensional and micrometersized materials. Micrometer-sized LaPO 4 is a wellknown host for lanthanide ions. Ce͞Tb codoped LaPO 4 has been used in f luorescent lamps, CRTs, and plasma display panels. Eu 31 ions are sensitive activators for use in the study of local symmetry. 14, 15 Recently we successfully prepared LaPO 4 NPs and NWs doped with different RE materials (Tb, Ce, Eu). 16 In this Letter we focus on the luminescent properties of LaPO 4 :Eu to demonstrate the structural and photoluminescent differences between NW and NP as well as the micrometer-sized powders. It is significant to observe that Eu 31 in one-dimensional NW has a higher radiative transition rate than that in zero-dimensional NPs and micrometer-sized materials as a result of shape anisotropy.
LaPO 4 :Eu NPs, NWs, and the corresponding micrometer particles (MPs) and micrometer rods (MRs) were prepared by use of a wet-chemical method originally reported by Meyssamy et al. 11 In the synthesis appropriate amounts of La 2 O 3 and Eu 2 O 3 (1:0.05 mol. ratio) were dissolved into concentrated HNO 3 solution and distilled water was added. Then ͑NH 4 ͒ 2 HPO 4 solution (0.18 M) was added to the solution. The pH value of the mixed solution was adjusted to 12-13 for NPs and 1 -2 for NW. After it was stirred well, the colloid solution was poured into Tef lon-lined autoclaves and subsequently heated at 120 ± C for 3 h. The obtained suspension was run through a centrifuge and the supernatant was discarded. The resultant precipitation was washed with distilled water and dried at 50 ± C. LaPO 4 :Eu MPs and MRs were prepared by the same method at 150 ± C. The practical concentrations of Eu 31 ions in a matrix, obtained by use of a plasma spectra method, were 4.15% in NPs, 4.32 mol. % in NW, 4.36 mol. % in MPs, and 4.41 mol. % in MRs. In the measurements the samples were put into a liquid helium cycling system (10-300 K). A 266-nm light generated from a fourth-harmonic generator pumped by a pulsed Nd:YAG laser was used as the excitation source. The spectra and dynamics were recorded by a Spex-1403 spectrometer, a photomultiplier, and a boxcar integrator and processed by a computer. Figure 1 shows transmission electron micrographs and scanning electron micrographs of LaPO 4 :Eu powders. As can be seen from the figure, the morphology The local structure surrounding the Eu 31 ions in the different samples was studied and compared next. LaPO 4 belongs to the monazite type. In LaPO 4 systems, La 31 ions occupy the C 1 point group. In Eu 31 -doped LaPO 4 , Eu 31 ions substitute for some of the La 31 ions. Figure 3 shows high-resolution spectra of different LaPO 4 :Eu powders. Note that the peaks labeled with stars in Fig. 3 lines in the MPs are entirely identical to the NPs, indicating that site symmetry in MPs is the same as that in NPs. As in the NWs, lines 1-6 also appeared in the MRs. However, the relative intensity of lines 4 -6 in the MRs became weaker than that in the NWs. The results in Fig. 3 indicate that in the NPs and MPs the 5 D 0 7 F 1 transitions came from one crystalline site, A, whereas in the NWs and MRs the 5 D 0 7 F 1 transitions came from the same site (L1-L3), A, and an additional site (L4-L6), B. The relative number of Eu 31 ions occupying site B decreased as the powders changed from NW to MRs. In Fig. 3 the Stark lines of the 5 D 0 7 F 2 emissions were not completely identif ied because they overlapped to some extent. The site-selective excitation experiments further indicate that in the NW the 5 D 0 7 F 2 emissions originated from two different sites, whereas in the NPs they originated from only one site.
For MPs to NPs (20 nm) the surface-to-volume ratio varied greatly, but the site symmetry was the same. In the NW, despite the fact that the surface-to-volume ratio did not decrease from that in the NPs, Eu 31 occupied an additional site, B. Apparently the appearance of the additional site was due not to a surface effect but to shape anisotropy. We studied the high-resolution transmission electron micrograph images of LaPO 4 :Eu NW and observed that the internal atoms were neatly arranged, and the arrangement of the atoms in the fringe along the length direction degenerated. This will lead the crystal field surrounding Eu 31 in the fringe to be different from that in the interior, leading to the appearance of the new site B. The crystal degeneration in the fringe of NW is probably related to the sample preparation conditions. Next the electronic transition processes were studied. Assuming that the nonradiative relaxation of 5 Figure 4 shows the dependence of 5 D 1 7 F 2 exponential lifetimes on temperature in different samples. It can be observed that the f luorescence lifetime of 5 D 1 7 F 2 nearly reversed as a constant below 100 K and decreased rapidly above 100 K for all the samples. In Fig. 4 the experimental data were well fitted with Eq. (1). In the fitting, DE 10 was fixed at 1758 cm 21 for different samples, because their energy levels had only a little variation and had no inf luence on the calculation. We chosehv to be 390 cm 21 according to the Raman spectrum, which showed that the peak at ϳ390 cm 21 was the strongest vibration mode.
By For RE ions the diameter of the electronic wave function of the f electrons is of the order of 10 21 nm, which is much smaller than the particle diameter, indicating the absence of a confinement effect. 16 The radiative f luorescence lifetime is proportional to the reverse of the oscillator strength of the electronic dipole transition f ͑ED͒ (Ref. 17) ; f ͑ED͒ is strongly dependent on the crystal f ield and the electronic -magnetic dipole f ield surrounding the Eu 31 ions. The shape anisotropy will hardly inf luence the crystal field but will inf luence the dipole field caused by the excited ion. We suggest that the shape anisotropy affects the ionic dipole field and therefore the photonic density of states and thus the radiative transition rate. In the NPs and NW the nonradiative transition rate increased compared with that in the MPs with different content. This difference can be attributed to a surface effect. On the surface a large number of defects generally exist that act as nonradiative transition channels, increasing the nonradiative transition rates.
In conclusion, the luminescent properties of 
